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This report is submitted to the National Radio Systems Committee's Digital Audio Broadcasting
Subcommittee from its Evaluation Working Group (EWG) in accordance with procedures that were
established by the Subcommittee during meetings in 1999.

In summary:

The EWG developed evaluation criteria and a System Evaluation Guidelines document that
delineated the manner in which evaluations would be conducted;

The basis for conducting tests and reporting results by a proponent were contained in two other
NRSC DAB Subcommittee documents: one on laboratory tests, the other on field tests;

The EWG, in designing the basis for its eva1.lations, developed a two dimensional table that arrayed
the individual tests in the laboratory and field test guidelines documents with the ten basic evaluation
criteria agreed upon;

moc system proponents agreed to tender submissions on December 15, 1999;

For each submission, an evaluation report (such as this one) would be developed;

The NRSC's evaluation would be a comparison of the moc system(s) performance with the current
performance of analog radio in the FM and AM broadcasting bands.

The Chairman expresses his hearty thanks to the 20 or so members of the EWG. An enormous
amount of work was done, on a voluntary basis for most of the members, since early March 1999. The
EWG membership included representatives of the broadcasting industry, the receiver manufacturing
industry, the proponent organizations, and staff and consultants from NAB and CEA. With respect to the
last category, special thanks goes to David Layer of NAB for carrying the brunt of the development of the
documentation, taking care of the minutes of the telcon and full meetings of the working group, and
contributing significantly to the analysis.

This report is organized as follows:

Introduction: this section briefly reviews the process and events leading up to the generation of this
evaluation report;

Conclusion: a statement of the EWG's conclusion regarding the USADR moc submission including
suggestions for future work;

• Discussion of Findings: a detailed presentation of the data submitted, analysis performed, and
conclusions reached, organized according to evaluation criteria established by the EWG;

Appendices: supplemental information including analyses performed by the EWG during the course
of its evaluation.
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1.1 NRSC DAB SUBCOMMITTEE GOALS AND OBJECTIVES

The NRSC's DAB Subcommittee established goals and objectives on May 14, 1998 for the work
to be done by it as a result of the re-activation of the Subcommittee (see Appendix A for the complete
Goals and Objectives statement).

What the primary objective is:

The purpose of the current NRSC effort is to determine if current generation moc technology is
a significant improvement over the analog systems currently in use. In other words, the evaluative quest
is to determine if the current state-of-the-art of moc technology merits the conclusion that continuing to
pursue moc technology, through all its technical and regulatory ramifications, is in the interest of U.S.
listeners.

What is not an objective of the current work:

The work that has been done by the Subcommittee since mid-1998 has not dealt in any way with
comparing the performances of different moc systems. This is due primarily to the fact that there have
been no comparative tests (neither planned nor conducted) between different systems as would be
necessary for valid comparisons to be made.

1.2 EVALUATION PROCESS DECISIONS MADE

From mid-1998 up to and including a meeting of the NRSC DAB Subcommittee that took place
on April 17, 1999, several important decisions were made that established the construct of the overall
evaluation process. These are summarized in this section.

1.2.1 Test guidelines would be established

The NRSC developed detailed laboratory and field test guidelines, which would explain to
proponents the tests and information the NRSC deemed necessary for evaluating moc systems. These
were developed by the DAB Subcommittee's Test Guidelines Working Group, Mr. Andy Laird,
Chairman, during the second half of 1998 and early in 1999. They were approved by the Subcommittee
in early 1999 (and are included with this report as Appendices Band C).

In construct, the recommended test protocols in the Guidelines documents were similar to those
from an earlier EIA/NRSC DAB test process (conducted during the 1994-95 time frame), refined from
then and dealing solely with testing of moc systems. The various test protocols include ways of
eliciting moc system performance and the effects of the moc digital carriers on its host and adjacent
channel analog (and digital) signals, and vice versa.

1.2.2 Formation and functioning of the Evaluation Working Group

In early 1999 the EWG was established, having its first meeting in early March 1999. An initial
report was submitted to the Subcommittee at its April 1999 meeting in the form of the first version of a
System Evaluation Guidelines document (complementary to the test guidelines documents mentioned
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above). Subject to the incorporation of a few points of modification, the document was approved at the
April 17th meeting (see Appendix D).

The EWG then developed ten (10) system evaluation criteria. These covered, at a high level
directly related to broadcasting, those areas upon which the comparison with analog radio broadcasting
would be based.

The working group also developed a cross-reference table between all the individual test
protocols of the laboratory test and field test guidelines documents and each of the 10 evaluation criteria.
This work was completed subsequent to the April 17th Subcommittee meeting, and the resulting table is
being used in the evaluation of this current submission by USADR (see Appendix E).

1.2.3 Agreements on IBOC system scope and NRSC reporting of its evaluations

Five important provisions were agreed to at the April 17th Subcommittee meeting that bear on the
submission of information to the NRSC DAB Subcommittee and on the reporting of the evaluation:

1. Complete hybrid (IROC) system: any submission must document a full system, that is, one that is
capable of IEOC operation in both the AM and FM broadcasting bands.

2. Data on an "all digital" system not evaluated at this time: although the ultimate objective for
terrestrial radio broadcasting is likely to be full conversion to digital transmission, it is recognized
that this will take many years as the conversion of thousands of stations takes place. Therefore, even
though all proponents are working on "all digital" designs as part of their efforts, a decision was made
to limit the current evaluation to the more pressing (and presumed more difficult) "hybrid IEOC"
aspect of the conversion.

3. Only the performance of the IROC system will be evaluated: several aspects of IEOC
implementation are not to be evaluated, for example, the extent of transmitter conversion required and
the expected cost of receivers. In summary, the technical and performance aspects of the system are
to be evaluated. This includes the performance of the digital carriers as well as the impact the digital
carriers have on a station's own host analog signal as well as on adjacent channel signals.

4. The NRSC will generate a separate report for each system submitted: in line with the decision to
evaluate with respect to analog performance, and not to compare performance among digital systems,
a separate evaluation report will be produced for each system for which system descriptions and data
are submitted. This report, thus, deals exclusively with the USADR system in comparison with
today's AM and FM modulation in their respective broadcasting bands.

5. Submission date - December 15, 1999: December 15, 1999 was agreed to by the proponents as the
submission date for system descriptions and test data at the April 17, 1999 Subcommittee meeting.
(USADR tendered their submission on December 15, 1999.)

On December 8, 1999, one of the proponents (LDR) informed the NRSC that they would be
unable to make a submission on December 15, 1999, and instead would like to make a submission on
January 24, 2000, coinciding with the comment deadline in the FCC's NPRM on terrestrial DAB. The
DAB Subcommittee, at its January 8, 2000 meeting, agreed to accept a submission from LDR on that
date, and in addition, USADR was also given an additional two week submission "window," following
the 1/24/00 LDR submission date.
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1.3 MUCH WORK DONE; MUCH WORK LEFT TO DO

The DAB Subcommittee and its Test Guidelines Working Group expended considerable effort in
identifYing the tests (specified in the Field Test and Lab Test Guidelines) that a proponent needs to
perform, in order for the NRSC to be able to determine if a system is significantly improved over analog
services. While some tests may be more vital in achieving this end than others, they all playa part in the
process-each specified test is important and offers a unique insight into system performance.

A comparison of the test results which USADR has included in its submission with what is
requested in the guidelines reveals that a substantial amount of information important to this evaluation
has not been provided. USADR, at the time of its submission, indicated that due to time constraints
involved with meeting internal system development objectives, its submission would include data taken
only from its existing test program. Even though the specific tests detailed in the NRSC test guidelines
were not performed, the USADR submission is valuable in helping the DAB Subcommittee work towards
its present goal of comparing moc performance to analog system performance. It represents a
considerable effort on the part of the proponent as well as providing the most complete technical
"glimpse" of its system yet offered to the industry.

A comparison of the tests included in USADR's submission with the tests specified in the
NRSC's Lab and Field Test Guidelines indicates the following number of tests were conducted. For FM
lab tests, of the 67 specified in the guidelines, at least partial results were submitted for 18. For FM field
tests, of the 12 tests specified in the guidelines, partial results for 5 were submitted. For AM lab tests, of
the 25 specified tests, partial results on 8 were submitted. Finally, for the AM field tests, of the 8
specified tests, partial results for 1 were submitted.

The evaluation described in this report focuses on the information which was provided, and in
some instances notes the absence of important data or factors not included in a test which, if present,
would have offered additional valuable (if not vital) information. Clearly, additional information will be
needed before the EWG, and ultimately the DAB Subcommittee, can be in a position to establish with
technical rigor whether moc is a significant improvement over today's analog services. This report
represents the very best efforts of the EWG to evaluate the data submitted by USADR in light of the fact
that specific NRSC test guidelines were not followed.
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The basic conclusion: the "state-of-the-art" for IBOC technology indicates the reasonable
probability of substantial improvement for broadcast listening compared to current analog
performance in the AM and FM broadcasting bands.

USADR's submission should be considered as a "sample point" to aid in determining whether the
current moc "state-of-the-art" is good enough to have interested parties in the U.S. believe that this
avenue for the implementation of digital radio is the path to pursue. USADR notes in the introduction to
its report that recent system improvements may not be reflected in the test results submitted. Therefore, it
is reasonable to conclude that what the NRSC received from USADR for evaluation purposes represents a
lower bound on performance.

Also, as noted elsewhere in this report, a significant number of the recommended tests from the
Subcommittee's laboratory and field test guidelines were neither conducted, nor reported, nor was there
an adequate substituted test procedure that would permit us to evaluate results according to one or more
of the ten agreed upon evaluation criteria.

These lacunae have compelled the EWG to qualify its basic conclusion, and made it impossible to
state unequivocally that USADR's moe technology provides a significant advance over current analog
system performance in the AM and FM broadcasting bands.

Nevertheless, in the aggregate, after analyzing all the material supplied to us by USADR, it is
reasonable to state that USADR's moe technology appears to be headed in a direction that in the near
future will benefit listeners with significantly better performance than is now possible with analog
techniques for the ten major evaluation criteria used to represent system performance. As discussed in
detail in the next section, these evaluation criteria include audio quality, extent of service area, signal
degradation behavior under weak signal conditions for moc performance, as well as the effect of an
moc signal on analog reception in ordinary analog receivers.

Based upon this evaluation, the EWG is optimistic that USADR is on the proper track to develop
moc DAB systems with the potential to significantly improve AM and FM radio broadcasting in the
U.S. Encouragement is hereby given to USADR that it continue to develop its systems and test them in
accordance with independent test procedures crafted in cooperation with the broadcast and consumer
electronics industries.
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In this section, the details of USADR's submission to the NRSC are presented, organized
according to how each part of the submission relates to the EWG's evaluation criteria. After presenting
the data, a review of the EWG analysis, followed by the conclusions which were arrived at are then given.

Note that since the tests and results described in the USADR submission were organized
differently from the DAB Subcommittee's test guidelines documents, the first step in this process was for
the EWG to determine how the submitted information corresponded to the tests specified in the guidelines
(Appendix.f). In the sections which follow, slightly modified versions of the tables in Appendix F are
presented for each criteria, indicating for each submitted result the location of data/graph information (in
the submission), any corresponding audio recordings submitted, and how that result would be compared
against the existing analog service (indicated in the "analog benchmark" column).

3.1 Criteria used for evaluation

The EWG established 10 criteria to use for evaluating IBOC submissions. These criteria fall into
two general categories: "IBOC receiver" results, which apply to data obtained directly from the IBOC
receiver (e.g., unimpaired audio quality of an IBOC signal, service area and durability of the IBOC signal,
etc.); and, "Analog receiver" results, which address the compatibility of the IBOC signal with existing
analog receivers.

Table 1 lists the evaluation criteria according to category. Refer to Appendix E for a detailed
description of each criterion, as well as for a matrix which illustrates which tests (contained in the test
guidelines) have a bearing upon which criteria.

Table 1. EWG evaluation criteria

IBoe RECEIVER RESULTS ANALOG RECEIVER RESULTS

Audio quality Host analog signal impact
Service area Non-host analog signal impact
Durability

Acquisition performance
Auxiliary data capacity

Behavior as signal degrades
Stereo separation

Flexibility

3.2 FM IBOe system evaluation - findings

Since receiving the USADR submission on December 15, 1999, the EWG has undertaken an
extensive review and analysis of the FM moc system test results and information presented. The results
of this review are presented here in detail, organized according to evaluation criteria.
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Table 2 lists the test results submitted by USADR pertaining to audio quality of their FM moc
system. In this context, audio quality refers to the unimpaired audio quality of the system i.e. the audio
quality absent any channel impairments or interfering signals.

Table 2. FM moe test results submitted by USADR pertaining to audio quality

test no, (Qudelincs datalvranhs audio recordinps benclunark comments

K2 (lab) ~ DAB quality ~ ·nl Q ~ (P8 4) Wave file FM DAB DS.wav IA611lilg'iii " itA 6 IbJ.'Ai6fioR audio Analog benclunark recordings
subjective assessment description (DAB quality FM=DAB=Plwav files FM_ANALOG_DS.wav made with Denon TU-680NAB
report of unimpaired transmission test) FM_DAB_SV.wav FM- ANALOG PJ.wav receiver
IBOC audio quality vs. FM_DAB_DS]J_SV.wav FM ANALOG

-
SV.wav- - • No subjective evaluation

analog FM FM- ANALOG
~

DS]J_SV.wav performed on DAB recordings

Note that in addition to the audio recordings listed in Table 2, there are several additional audio
recordings of the FM IBOC system included in the USADR submission. EWG group members have all,
to varying degrees, listened to this material and shared their anecdotal experiences with one another
regarding it. Unfortunately, this anecdotal evidence of audio quality is not sufficiently rigorous that the
EWG can use it as the basis for a conclusion regarding this criterion.

A thorough test of audio quality requires statistically meanin gful subjective testing with a variety
of program audio sources and a variety of listener subjects. Since in this context, "audio quality" is a
measure of the best performance the system can offer, subjective listening evaluation should not be left
entirely to average listeners. Expert listening evaluation of system fidelity is also an important
component of the decision making process.

No subjective test data was submitted to the NRSC by USADR for review. USADR states in its
submission, in Appendix B, p.5, that

During the standardization process, MPEG performed numerous listening tests to assess the audio
quality of MG. It is difficult to specify audio-coded performance in terms of traditional audio
measurement techniques such as frequency response, distortion, and dynamic range; therefore
audio codecs are psychoacoustically compared against a GD reference. In these double-blind
tests, human testers are given the opportunity to compare compressed against non-compressed
segments of the selection and make judgements as to the quality of the compressed segment. In
tests designed to replicate the worst case signals, the MG codec at 96 kbps has proven to be
almost indistinguishable from the original selection. For the most extreme cases, the difference in
the compressed signal is audible, but not considered a major issue for listeners.

USADR acknowledges that perceptual audio compression schemes are imperfect, and argues that
the imperfections are far outweighed by the improvements in performance obtained by a digital system.

Conclusion: the EWG does not have sufficient information to determine if the audio quality of the
USADR FM IBOC system represents a significant improvement over analog FM. However, many EWG
members are encouraged that the submitted audio samples suggest the system is, at the very least,
comparable in audio quality to analog FM. It is recommended that USADR perform and publish
thorough subjective testing of system fidelity in comparison to analog FM, in any future testing of its
system.

3.2.2 Criteria 2, 3 - Service area, durability
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Table 3 lists the test results submitted by USADR pertaining to service area and durability of their
FM moc system. These two criteria have been combined in this section because they essentially share
the same list of tests (from the test guidelines) from which conclusions can be drawn.

Table 3. FM IBOe test results submitted by USADR pertaining to service area and durability

test no. (Qudelines\ data/ornnhs audio rccordinos benchmark comments

B I (lab) - AWGN, linear oThl t; • (~g I]) BLER audio1.wav (linear chnl) "Raly;t.G'al GQAiPUi6QR til "Aali@ , I-Jig AlatiAal - 3 NRSC critical
channel no interferers vs. CdlNo (around digital estimate IBOC "digital TOA service audio cuts (Dire Straits, Pearl

B3 (lab) - AWGN, multipath
TOA operating point)

audio2.wav (UF)
area" by calculating analog field Jam, Suzanne Vega)

fading channel, no oFig. C-4 (pg. 14) - BLER audi03.wav (US)
strength at digital TOA operating • Audio recordings are of Delco

interferers vs. CdlNo audi04.way (RF)
point, and compare this to analog receiver output at digital TOA

audioS.wav (TO)
protected contour operating point, with digital

B4 (lab) -AWGN, multipath oThI C' (~g J]) BLER audi06.wav (UF, -6)
• Subjective - assuming "perfect" sidebands turned otT

fading channel, 1st adj. vs. CdlNo (around digital audi07.wav (UF, -18)
IBOC up to digital TOA (i.e. that

channel interferer TOA operating point) audi08.wav (UF, -24)
IBOC receiver output would be
judged "imperceptible" from

E2 (lab) - [)-'1[) o~i8 t; • (~8 17) BLER audi09.wav (UF, -30)
transmitter to digital TOA point),

compatibility - multipath vs. CdlNo audio recordings of Delco output
fading channel, singlc 1st subjective evaluation in Table C-5
adj. ehn!. interferer applies

EI (lab) - J)-7D oTbl. C-5 (pg. 13) - BLER audiol1.wav (UF, -J 0)
compatibility - multipaLh vs. CdlNo (around digital audiol2.wav (UF. -20)
fading channel. co- TOA operating point)
channel interferer oFig. C-6 (pg. (8) - BLER

vs. CdlNo

E4 (lab) - J)-7D oTbl. C-5 (pg. 13) - BLER audiolO.wav (UF, +20)

compatibility - multipath vs. CdlNo (around digital
fading channel, single 2nd TOA operating point)

adj. chnl. interferer • viS C 7 ('8 l(l) BLER
vs. CdlNo

BI (fieLd) - Strong signal oTbl. H-2 (pg. 14)- FM TPI_DAB.wav (lBOe • Impainnent observations - IBOC and o Host station- WETA-FM 90.9
with low interference (low IBoe performance matrix all digital - no Delco receiver outputs compared over MHz, 75 kW ERP
multipath)

o~i8 II '. II a<1>8' l~. I.) blending) three 5-minute intervals (comparison
1 ldis MMiRal Audio of

B2 (field) - Strong signal IBoe coverage radial maps TP2_DAB.wav (IBOC files are TPI Delco.wav, opportunity from WETA-FM
with low interference • Ei@ H 7 (P@ J 3) Test mixed digital/analog) TP2_Delco.wav, TP3_Delco.wav)

(strong multipath) radial "strip chart" TP3_DAB.wav (IBoe
mostly all analog)

The EWG intended to evaluate these criteria separately for moc audio performance and moc
auxiliary data capacity. USADR submitted no information about the auxiliary data aspects of their
system, so this evaluation is limited to consideration ofmoc audio performance.

For the lab results shown in Table 3, USADR submitted block error rate (BLER) information
versus digital carrier signal-to-noise power spectral density ratio (CdlNo) for various operating
conditions. USADR states that the 1% BLER operating point represents the "digital threshold of
audibility" (digital TOA) and that for BLER values less than 1% the moc audio is unimpaired and not
blending to analog. I The EWG performed an analysis using the BLER information provided, attempting
to relate the BLER values to a predicted service area (assuming typical transmission parameters - see
Appendix 9). This analysis suggests that the distance to the contour representing digital TOA, in each
case provided, appears to be greater than the distance to the corresponding analog protected contour.

In addition, USADR subjectively evaluated the audio quality of analog FM at the digital TOA
operating point for each of the cases considered. In each case, USADR's subjective evaluation

1 The USADR FM IBOC system employs a "blend to analog" (i.e. the moe receiver audio output switches from
the digital signal to the analog signal) when the digital errors increase to some specific (but unspecified) threshold.
USADR indicates that the TOA of its FM IBOC digital system occurs in the vicinity of 1% BLER, stating in
Appendix C, p.7, footnote 7 (of the USADR submission) that "extensive testing has indicated that a block error rate
of 0.0 I (I %) is indeed representative ofTOA." See also Appendix B, pg. 6, Section 2.4 (of the USADR
submission), for a discussion of the USADR "blend" feature.
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detennined that, at the point where the digital signal begins to degrade, the corresponding analog audio
already exhibits audible degradation. Consequently, since up to that point the moc audio is assumed to
be unimpaired, greater service area and durability are implied for the moc audio than for analog FM
under these conditions.

Regarding the field test results, USADR collected data on system perfonnance along six radials
originating at a c1ass-B public radio station in Washington, D.C., WETA-FM. They submitted data for
one of these six radials (the northeastern radial), consisting of a strip-chart like presentation of field
strengths and moc audio signal mode (i.e. digital or analog),2 as well as moc and analog receiver audio
recordings. These recordings were made for the duration of the test drive; the submitted audio selections
are from three portions of the test drive, in geographic regions where the system remained fully in digital
mode, where it toggled between moc digital audio and analog-blend audio modes, and where the system
was primarily in analog blend mode (referred to in the submission as TPl, TP2, and TP3, respectively).3

Several members of the Evaluation Working Group listened to the paired recordings and logged
times when they heard audio impainnent events. This "impainnent observation" analysis indicates that
mobile moc system reception is more durable than mobile analog FM reception under the demonstrated
conditions (Figure 1).

TP1
Delco

TP1
DAB

High leve/- unimpaired

Low level - impaired

TP2
Delco

TP2
DAB

High leve/- unimpaired
Low leve/- impaired

000 1:12 2:24

Elapsed lime (min)

3:36 4:48 0:00 1:12 2:24

Elapsed lime (min)

3:36 4:48

(a) over region TPI (b) over region TP2
r---------------------,

High leve/- unimpaired
Low level - impaired

TP3
DAB

TP3
Delco

0:00 1:12 2:24 3:36

Elapsed time (min)

(c) over region TP3

4:48

2 See Appendix H, Fig. H-7, pg. 13, of the USADR submission.
3 Refer to Appendix H, pgs. 12, 13, and 15 (of the USADR submission) where coverage maps and the strip chart
presentation are given.
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Figure 1. Impairment observations comparing Delco analog receiver and
USADR FM IBOe receiver over selected regions of the field test radial

The audio sample taken nearest the transmitter site ("TP1") was recorded starting approximately
25 km away from the transmitter and 69 minutes into the test. Between the transmitter site and the first
submitted audio sample, the strip chart indicates a high degree of durability, in that no transitions to
analog occurred. This suggests that the digital signal is quite robust within the actual 60 dBu coverage
area of the host station. However, the test route used on the one submitted radial includes a particular
combination of urban and suburban land use, east coast terrain, and co-and adjacent channel interferers
affecting the reception of a single station in a single market. A future review process would benefit from
the submission of a rigorous and carefully planned battery of drive tests that sample a representative
variety of stations and reception conditions across the country.

A final note - because the USADR system is designed to avoid egregious digital artifacts with its
blend to analog feature, it is likely that the sounds which accompany the failure of some digital audio
systems will not be audible in the USADR hybrid IBOC systems. Similarly, the well known digital "cliff
effect" is eliminated with this design approach.

Conclusion - service area: additional field and lab testing, in accordance with the NRSC test
guidelines, are needed before the EWG can arrive at any definitive conclusions regarding FM IBOC
service area. However, based on the information presented, and on the analyses performed by the EWG
and described above, the USADR FM IBOC system digital service area (i.e. the area where the IBOC
receiver does not blend to analog) appears to be at least as extensive as analog FM in a mobile
environment.

Conclusion - durability: the EWG is encouraged by the apparent ability of the system to maintain
continuous digital performance over a 55 km distance in the example field trial radial submitted by
USADR. However, a more rigorous demonstration of audio durability will be required to support a
finding that USADR's moc FM durability is significantly better than analog FM under most or all
reception conditions. Insufficient information was submitted to render a finding on the durability of an
auxiliary data stream or the effects of trading off audio and auxiliary data bandwidth.

3.2.3 Criterion 4 - Acquisition performance

USADR did not submit any test results pertaining specifically to the acquisition performance of
their FM IBOC system. However, they note in the system information portion of their submission that
the "blend" feature of their system guarantees by design that a receiver will " .. .instantaneously acquire
the analog signal.,,4 In other words, the acquisition performance of an moc receiver is essentially the
same as experienced with an analog FM receiver.

Conclusion: based on this information, the EWG concludes that the acquisition performance of
the USADR FM IBOC system, by design, is comparable to that of analog FM.

3.2.4 Criterion 5 - Auxiliary data capacity

4 See footnote I.
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USADR did not submit any test results pertaining specifically to the auxiliary data capacity of its
FM moc system. They do indicate that this system incorporates two main types of auxiliary services,
ancillary services (up to 120 kbps) and opportunistic data services (up to 32 kbps).5

Conclusion: the EWG cannot formulate any meaningful conclusions about the auxiliary data
capacity of the USADR FM moc system due to a lack of information.

3.2.5 Criterion 6 - Behavior as signal degrades

Table 4 lists the test results submitted by USADR pertaining to behavior as signal degrades of
their FM moc system.

Table 4. FM IBOC test results submitted by USADR pertaining to behavior as signal degrades

test no. (lludelines) datahranhs audio recordinus benchmark comments

(Supplement to system None blend audio.way • Benchmark audio is included in audio • No corresponding "mode signal"
description infonnation) (App;ndix B) file blend_audio.wav - this file information provided with audio

demonstrates blending in an impaired file; listener cannot tell exactly
environment when blending occurs.

BI (field) - Strong signal TPI _DAB.wav (IBOe all
with low interference (low digital - no blending)
multipath) ?

TP2_DAB.wav (lBOC
B2 (field) - Strong signal mixed digitalJanalog)

with low interference TP3 DAB.wav (lBOC
(strong multipath) ? m;;-stl ' all analo.)

The audio recording "blend_audio.wav" which USADR indicates is an example of its FM moc
system blending back and forth between analog and digital, was not accompanied by supplemental
information (such as time indices corresponding to blend events, or a simultaneous recording of the host
analog signal as received by an analog receiver) to allow for a rigorous study of behavior as signal
degrades, or for a rigorous comparison to analog FM. The field test audio recordings listed in Table 4, on
which impairment observations were conducted (see Figure 1 above), did include some of this
information, and the EWG's analysis of this suggests that blending to analog avoids "unearthly"
egregious digital artifacts as well as the well-known digital "cliff effect."

Conclusion: due to its blend-to-analog design, and given that USADR has placed the threshold
for blend to analog such that blending occurs before "cliff effect" digital failure, the EWG concludes that
the behavior of the USADR FM moc system as the signal degrades is comparable to that of analog FM.

3.2.6 Criterion 7 - Stereo separation

The EWG was able to analyze three ".wav" digital audio recordings of the field tests
(corresponding to locations TPl, TP2, and TP3) for the purpose of evaluating stereo separation. 6 Note
that it is difficult to appraise the digital stereo separation when separate audio processing has been used
for the digital and analog program channels (as was the case here), and without the original program
material to refer to (also the case here).

5 See Appendix B, pg. 10 (of the USADR submission), for information on USADR FM moc auxiliary data
services.
6 Specifically, TPl_DAB.wav, TP2_DAB.wav, and TP3_DAB.wav. See also footnote 3 of this report.
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Each of these recordings is five minutes long and was recorded at progressively greater distances
from the transmitting station. TP I has no digital impairments (i.e. is entirely digital audio), while TP3 is
almost entirely blended to analog. The "L&R" audio from the moc receiver and the Delco analog
receiver were mixed to "L+R" and "L-R." The resulting four signals were then plotted in time and
amplitude. The plots are shown in Appendix H of this report.

Plots for TP 1 and TP2 show that the separation for the digital signal is the same as for the analog
signal. The plots for TP3, which represent the most distant site from the transmitting station for which
information was given, show that the analog receiver L-R signal is slightly reduced compared to analog
L-R shown on the TPI and TP2 plots. The TP-3 digital signal (with many blends to analog) has good
separation.

Conclusion: based on the limited observations made, stereo separation in the moc receiver
appeared to be at least as good as the simultaneously recorded analog receiver output. However, the
EWG cannot formulate any definitive conclusions about the stereo separation of the USADR FM moc
system based solely on this, and more information is required.

3.2.7 Criterion 8 - Flexibility

In their submission, USADR indicates that their FM moc design supports " ...auxiliary data
services that will upgrade existing analog FM subsidiary communications authorizations (SCAs) by
offering much higher availability, reliability, and robustness.,,7 Also, USADR is developing an "a11
digital" moc technology which complements their hybrid design and offers additional performance and
service benefits.

Conclusion: The amount of flexibility which this system ultimately supports cannot be
established at this time. By its very nature, moc technology involves a number of tradeoffs between
such aspects of performance as coverage, robustness, and flexibility. Only when the final system
parameters which best balance these parameters are chosen will it be possible to competently judge the
flexibility of the system.

3.2.8 Criterion 9 - Host analog signal impact

Table 5 lists the test results submitted by USADR pertaining to host analog signal impact of their
FM moc system.

Table 5. FM moe test results submitted by USADR pertaining to host analog signal impact

7 See Appendix B, pg. 9 (of the USADR submission).
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test no. (2udelines \ dataloranhs audio recordim~s benchmark comments

Ll (lab) - IBOC "digital-to- • HI Ii l:l f~8 :l:l)- (none) • IA,.;I'ldQ~ in reS!Jlts results are 100.000K noise may be having a
host analog" compatibility Differences caused by presented as the difference between "masking" effect on differences
pcrfonnancc - host analog digital IBOC to the analog parameter values (audio SNR, Absolute values not provided,
main channel audio, linear host for a linear channel THD+N) with digital sidebands only differences
channel • Figs. E-7,8 (pgs. 20, 21)- present versus values with digital

Differences in (audio SNR, sidebands absent.

THD+N) caused by digital
IBOC to the analog host

L2 (lab) - IBOC "digital-to- o Tbl. E-8 (pg. 9) - FM audiolB.wav Included with submission- audio 100.000K noise may be having a
host analog" compatibility interference subjective audio2B. 'A-'av files audiol A.wav, audi02A.wav, "masking" effect on differences?
perfonnancc - host analog scenarios - digital into host audio3B.W3\r audi03A.wav (respectively) - same Compatibility recordings provided
main channel audio, analog compatibility test conditions but with no digital for one receiver only (Delco)
fading channel sidebands present

Recordings for urban fast scenario
included; urban slow scenario
recordings made but not included

B3 (field) - Strong signal o Tbl. H-4 (pg. 24)- Host Dclco~WPOc.wav Benchmark audio is included in audio • No IBOC receiver performance
with low interference - compatibility test point Yamaha_WPOC.wav recordings listed at left - digital corresponding to these test points
Host main channel audio matrix Philips_WPOc.wav sidebands were switched on and off was provided
compatibility

o Fig. H-9 (pg. 20) - 1st adj., in 15 sec, 30 sec. and I min intervals

host compatibility test during recording

noints man

Analysis by EWG group members of the submitted field test audio suggests that the presence of
the digital carriers is not noticeable on the host audio signal for the receivers tested. Of greater
significance for this particular criterion are the lab test results, done objectively by measuring the
difference in SIN ratio of the analog host with and without the DAB carriers present.

In its analysis of the provided lab test results, the EWG questioned whether the 100,000K
additive white Gaussian noise (AWGN) used in the lab measurements could have been masking the effect
the presence the digital carriers may have been having on the host audio SIN ratio (see Appendix ~.

USADR indicated that this noise value had been selected as the average noise level experienced by
listeners in the U.S. based on its proprietary study. Appendices J and K include information on signal
levels and noise submitted by one EWG group member; in Appendix J, it is shown that noise level
assumptions can have a significant impact on the minimum (level) receivable DAB signal.

It is evident, from discussions held within the EWG, that USADR feels strongly that their use of
100,000K noise in lab compatibility tests is appropriate, since in their view this models the average
environment listeners encounter. The EWG feels this level of noise, which could have a masking effect
on the behavior being looked for, inhibits the investigation being conducted. Furthermore, the EWG feels
that additional data of this sort, taken without added noise, is necessary in order to truly establish the level
of interference on the host analog signal due to the presence of the digital carriers.

Conclusion: the desired channels for all of the lab host compatibility tests were subject to AWGN
at a level of 100,000 K. Based on the analysis presented in Appendix I of this report, it is clear that with
the 100,000 K noise, all but the most significant interference to the host analog or adjacent channels could
be masked. Additional measurements, without added noise, are needed to rigorously establish the effect
that the digital carriers have on the analog host.

3.2.9 Criterion 10 - Non-host analog signal impact

Table 6 and Table 7 list the objective and subjective test results (respectively) submitted by
USADR pertaining to the non-host analog signal impact evaluation criterion.

Table 6. FM IBOC objective test results submitted by USADR pertaining to non-host analog signal impact
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test no. (oudelines) datalornnhs audio rccordinL'!.: benchmark comments

Fl (lab) - moe "digital-to- • Tb' F 11 (P8 IP) (none) I c1 d d i F G"SS results are 100,OOOK noise may be having a
analog" compatibility DitTerences caused by presented as the difference between "masking" effect on ditTerences
perfonnance in a linear digital moe to the analog parameter values (audio SNit. Absolute values not provided,
channel - co-channel host w/co-chnl. interference THD+N) with digital sidebands only differences

o Figs. E-5, 6 (pgs. 17, 18)- prescnt versus values with digital

DitTcrences in (audio SNR, sidebands absent.

THD+N) caused by digital
IBOC to the analog host
w/co-chnl. interference

F2 (lab) -lBoe "digital-to- oTbl. E-9 (pg. (3)- (none) Included in results- results are IOO,OOOK noise may be having a
analog" compatibility DitTerences caused by presented as the difference between "masking" ctTcct on ditTcrences
performance in a linear digital moe to the analog parameter values (audio SNR, Absolute values not provided.
channel- single Ist adj. host wlsingle adj, cool. THD+N) with digital sidebands only ditTerences
interferer interference present versus values with digital

F4 (lab)- " .. - single 2nd oliil!' lO ),0 (PI!' 1+, IW) sidebands absent. Results presented for both upper
and lower I st. and 2nd adj.

adj. interferer DitTcrences in (audio SNR, channels
THD+N) caused by digital
lBoe to the analog host wi
sin~le ad'. cool. interference

F3 (lab) - lBoe "digital-to- ·TIlI lO IQ(pl! 10)- (none) IRGlmlad iA l'ef'Jltr results are 100,OOOK noise may be having a
analog" compatibility DitTerences caused by presented as the difference between "masking" etTect on ditTerences
perfonnanee in a linear digitallBOC to the analog parameter values (audio SNR, Absolute values not provided,
channel - dual Ist adj. host w/dual 1st adj. cool. THD+N) with digital sidebands only ditTerences
interferer interference present versus values with digital

FS (Iab)- .. " - single 2nd oFigs. E-3, 4 (pgs. 14, 15)- sidebands absent. Results presented for upper 1st
and upper 2nd adj., upper Ist and

adj. with single 1st adj. DitTerences in (audio SNR, lower 2nd adj.
interferer THD+N) caused by digital

F6 (Iab)- ,;." - dual 2nd adj. moe to the analog host wi

interferer dual adj. cool. interference



IBOC System Evaluation· USADR Rev 1.0 Page 18

Table 7. FM IBOe subjective test results submitted by USADR pertaining to non-host analog signal impact

test no. (~udelines) datal~ranhs audio recordinQs benchmark comments

Gl (lab) - IBOC "digital-to- • TIll Ii 7 (PS gl FM audi04B.wav (+20 dB IRliilwilail' itJ1 lillGwiliCioA audio file . Compatibility recordings provided
analog" compatibility interference subjective DIU) audi04A.wav for one receiver only (Delco)
pcrfonnancc in a scenarios - co-channel

Recordings for urban fast scenario
multipath fading channel

submitted; urban slow scenario
- co-channel

recordings made but not submitted
G2 (lab) - IBOC "digital-to- • TIll Ii • fils il FM audi05B.wav 1+14 dB h;jollilgil iLR (j 19Q;lillSi9A audio Only upper 1st adj. recordings

analog" compatibility interference subjective DIU) files audi05A.wav, audi06A.wav, and submitted - lower Ist. adj.
performance in a scenarios - single interferer audi06B.wav (+6 dB DlUl audi07A.wav (respectively) recordings made but not submitted
multipath fading channel audi07B.wav (-2 dB DIU) (for single Jst adj. tests)
- sinQ.le 1st ad" acent

G3 (lab) - IBOC "digital-to- • TIll Ii § fils gl FM audi08B.wav (+14 dB IRli'lwaflil" ita 6W:~Rlilill3i9R audio
analog" compatibility interference subjective DIU) files audi08A.wav, audi09A.wav, and
performance in a scenarios - dual interferers ~llnj(\QR w~v {+h riR n/ll) audiolOA.wav (respectively)
multipath fading channel audiolOB.wav (-2 dB
- dual 1st ad'acent DIU)

CI (field) ~ Single interferer • lbl W 2 {Ps JJl 1sl adj. Delco_WMMR40.wav Benchmark audiois~ in audio Thesc test results can be used to
- Ist adjacent, at FCC compatibility lest point Yamaha WMMR40.wav recordings listed at left - DAB assess upper 1st adjacent
limit (low multipath) matrix (-14 dB DIU) carriers were switched on and ofT in compatibility only since both non-

C3 (field) - Single inlerfcrcr • Fig H_9 (pg 20) 1st adj., Delco_WMMR54.wav 15 sec, 30 sec. and 1 min intervals host signals are upper 1st

- I st adjacent, above FCC host compatibility test Yamaha WMMR54.wav during recording adjacent.

limit (low multipath) points map (+14 dBDIU) • No IBOC receiver perfonnance

Delco_WFLS40.wav corresponding to these test points

Yamaha_WFLS40.wav was provided

(-34 dB DIU)

Deleo_WFLS54.wav
Yamaha WFLSS4.wav
10 dB Diln

Tests FI-F6 (lab): all of the tabulated results of the digital-to-analog compatibility tests were
presented as the "difference" in noise levels caused by analog interferers versus the noise caused by
hybrid moc interferers. Even though absolute noise values would have been more helpful to the EWG
in its evaluation, the tabulated results in the submission indicate that some receivers could suffer a signal
to-noise degradation of 6 to 7 dB when one or more moc adjacent channel interferers are present. And,
as in the host compatibility measurements discussed in the previous section, the 100,OOOK noise may be
masking (to an extent unknown) the effect of the digital carriers.

Tests GI-G3 (lab): although it is beyond the scope of the EWG to conduct subjective listening
tests, an informal analysis of the submitted audio cuts indicate that the listening discomfort caused by a
moc hybrid interferer(s) on a co-channel or}'t adjacent channel(s) in the presence of multi-path fading
is essentially the same as that caused by analog interferers. Again, the potential masking effect of the
IOO,OOOK noise must be factored in to the interpretation of these results.

Tests CI, C3 (field): for these tests, audio recordings were made in a stationary environment
using both Delco and Yamaha receivers. The receivers were placed at locations with fixed signal
strengths of 40 and 54 dBu for the observed stations. While monitoring the observed stations, the moc
digital sidebands of a first adjacent channel interferer were periodically turned on and off and recordings
were made of the observed station's audio. The only instances of being able to hear the moc sidebands
were in conditions well beyond the point-of-failure of the observed station. (The observed station's noise
and distortion level was already so high that the additions of the 1st adjacent channel digital sidebands,
although audible, resulted in no additional annoyance.)

Conclusion: the submitted results look potentially encouraging, however, more complete information
using measurements with less (or no) added noise is required before a definitive conclusion can be
reached regarding non-host compatibility.
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3.3 AM IBDe system evaluation - findings

Since receiving the USADR submission on December 15, 1999, the EWG has undertaken an
extensive review and analysis of the AM moc system test results and information presented. The results
of this review are presented here in detail, organized according to evaluation criteria.

3.3.1 Criterion 1 - Audio quality

Table 8 lists the test results submitted by USADR pertaining to audio quality of their AM moc
system.

Table 8. AM moe test results submitted by USADR pertaining to audio quality

test no. (gudelines) datallmlohs audio recordin~ benchmark conunents

K2 (lab) - DAB quality- (mentioned in Sect. 4.5, AM DAB DS.wav ! s' dad i'A Ii'lGlRifiEiQR audio Recordings actually made in the
subjective assessment Appendix L, pg. 13) AM=DAB=PJ.wav files field
report of unimpaired AM_DAB_SY.wav NRSC_Analog_Narrow_DS.wav • Analog benchmark recordings are
IBOC audio quality vs. AM- DAB_DS]J_SY.wav NRSC_Analog_Narrow_PJ.wav NRSC reference chain AM cuts
analog AM NRSC_Analog_Narrow_SY.wav

NRSC_Analog_Narrow_DS_PJ_SY No subjective evaluation

.wav performed on DAB recordings

The AM moc system design offers a compelling case for being significantly better than its
analog predecessor. Inherent noise and interference in AM reception and AM's limited bandwidth are
clearly overcome by the AM moc waveform. However, no subjective evaluation results were submitted
demonstrating this.

Conclusion: by virtue of the AM moc system design, the EWG would expect the best audio
quality for this system to be a significant improvement over analog AM, due to its inherent greater audio
frequency response, its inherent 2-channel stereo capability, and to the elimination of noise and
interference characteristic of analog AM reception. However, the EWG does not have sufficient
information to determine conclusively if the audio quality of the USADR AM moc system represents a
significant improvement over analog AM. As was true for their submitted FM moc data, it is
recommended that USADR perform and publish thorough subjective testing of system fidelity in
comparison to analog AM in future test programs.

3.3.2 Criteria 2, 3 - Service area, durability

Table 9 lists the test results submitted by USADR pertaining to service area and durability of their
AM moc system.

Table 9. AM moe test results submitted by USADR pertaining to service area and durability
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test no. (~udelines) data/~raDhs audio recordin~s benchmark comments

B I (lab) - AWGN, linear ·nl K I (~8 7) BLER vs. (none) ARal)'lisal Cil'JAJlQR6QA til' QRa198
channel, no interferers CdlNo (around digital TOA estimate lBOC "digital TOA service

operating point) area" by calculating analog field

• Fig. K-7 (pg. 12) - BLER strength at digital TOA operating

vs. edlNo point, and compare this to analog
protected contour

01 (lab) - IBOC "digital-to- • Tbl K_2 (pg 8) BLER vs. (none) • Measurements with both lower 1st
digital" compatibility interference level adj. and co-channel also made
performance - linear • Tbl. K-3 (pg. 11)- BLER in
channel, w/co-chan. the presence of AWGN and
interferer interference vs. edINo

02 (Iab)- "" - single 1st adj. • Fig. K-5 (pg. 9)- TOA as a
interferer function of co-chnl. vs. 1st

adj. chni. interference

• "i8 I( 7 (P8 12) BLER
vs. CdlNo

D3 (lab) - IBOC "digital-to- • Tbl. K-2 (pg. 8) - BLER vs. (none)
digital" cDmpatibi lity interference level
perfonnance - linear

• ~i8 K ~ (P8 10) TOA as
channel, w/simultancous a function of upper Ist. adj.
upper and lower Ist adj. ehnl. vs. lower 1st adj. ehol.
interferers interference

B1 (field) - System • Fig. L-S (pg. 11)- (none) • Host station - W02XAM,
performance within W02XAM IBOC coverage Cincinnati, OH (Xetron
protected contour and low map experimental station)
interference (day)

• l'i8 J. ~ (P8 IJ) Test
radial "strin chart"

The submitted lab results, consisting of BLER measurements versus various operating
parameters, can be analytically compared to analog AM performance in a manner similar to that done for
FM mac (see Appendix G of this report). Such an analysis is being undertaken by the EWG but was not
completed in time for inclusion in this report.

According to an analysis of this lab data done by USADR,8 mac DAB system performance in
the presence of first and co-channel interferers is "entirely outside the envelope set by the protected
contours," while in the presence of strong dual 1st adjacent channel interferers the system "...will cover
the majority of the regions currently covered by today's analog systems." They add that for the dual 1st
adjacent case, "...based on interference studies...this situation is rare during daytime operation but may
occur at night due to skywave propagation effects." While these conclusions have not been confirmed by
the EWG, clearly they suggest that further characterization of this performance (the dual 1st adjacent case
in particular) is in order.

Regarding the field test results, USADR collected data on system performance along two radials
originating at an experimental radio station in Cincinnati, OH, WD2XAM. For the northeastern radial,
they submitted a strip-chart like presentation of field strengths and mac audio signal mode (i.e. digital or
analog). 9 However, no audio recordings were included (which would allow for impairment observations,
as were done by the EWG with the corresponding FM data), nor was any information on the analog
service area/durability of this experimental station included.

Conclusion (service area and durability): additional measurements are needed to rigorously
compare the service area and durability ofAM mac and analog AM.

3.3,3 Criterion 4 - Acquisition performance

8 See Appendix K, pg. 7 (of the USADR submission).
9 See Appendix L, Fig. L-6, pg. 12, of the USADR submission.
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USADR did not submit any test results pertaining specifically to the acquisition performance of
their AM moc system. However, they note in the system information portion of their submission that
the "blend" feature of their system"...allows transition from the instantly acquired analog signal to the
digital signal when it has been acquired.''!o

Conclusion: based on this information, the EWG concludes that the acquisition performance of
the USADR AM IBOC system, by design, is comparable to that of analog AM.

3.3.4 Criterion 5 - Auxiliary data capacity

USADR did not submit any test results pertaining specifically to the auxiliary data capacity of
their AM moc system.

Conclusion: the EWG cannot conclude anything about the auxiliary data capacity of the USADR
AM IBOC system due to a lack of information. USADR is encouraged to develop this capability to the
maximum extent possible.

3.3.5 Criterion 6 - Behavior as signal degrades

As was true ofUSADR's FM moc system, the AM moc system is designed to avoid egregious
digital artifacts with its blend to analog feature, meaning it is likely that the sounds which accompany the
failure of some digital audio systems will not be audible in the USADR AM IBOC system. Similarly, the
well known digital "cliff effect" is eliminated with this design approach. However, no audio recordings
were included in the USADR submission demonstrating this.

Conclusion: due to its blend-to-analog design, and given that USADR has placed the threshold
for blend to analog such that blending occurs before "cliff effect" digital failure, the EWG concludes that
the behavior of the USADR AM IBOC system as the signal degrades is comparable to that of analog AM.

3.3.6 Criterion 7 - Stereo separation

The AM IBOC system design offers an inherent 2-channel stereo sound capability. Primarily
because of time constraints, the EWG elected not to perform an analysis on this parameter similar to the
analysis done for FM (Appendix H of this report).

Note that for AM IBOC the NRSC decided, during the development of its test guidelines, that the
basis for comparison between IBOC and analog services for the AM band would be the monaural AM
service currently offered by the majority ofAM broadcasters in the U.S.

Conclusion: by virtue of the AM IBOC system design, the EWG would expect the stereo
separation for this system to be a significant improvement over analog AM, due to AM IBOC's inherent

10 The USADR AM IBOC system employs a "blend to analog" (i.e. the IBOC receiver audio output switches from
the digital signal to the analog signal) when the digital errors increase to some specific (but unspecified) threshold.
USADR indicates that the TOA of its digital system occurs in the vicinity of 1% BLER, stating in Appendix K, p.2,
(of the USADR submission) that "for the USADR AM hybrid IBOC DAB system, the TOA is defined as 0.01 Le.
1% BLER." See also Appendix I, pg. 2, Section 4 (of the USADR submission), for a discussion of the USADR
"blend" feature.
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2-channel stereo capability. However, the EWG cannot fonnulate any definitive conclusions about the
stereo separation of the USADR AM moc system based solely on this, and more infonnation is
required.

3.3.7 Criterion 8 - Flexibility

Two aspects of the USADR AM moc system design which bear upon system flexibility are the
ability to support auxiliary digital data services (in addition to digital audio), and the ability to migrate to
an "all-digital" system design at some point during the transition from analog to digital.

The USADR AM moe system reportedly offers modest auxiliary data capacity, however there is
no information regarding this in their submission. USADR is developing an "all-digital" moc
technology which complements their hybrid design and offers additional performance and service
benefits.

Conclusion: The amount of flexibility which this system ultimately supports cannot be
established at this time, due not only to the fact that the features allowing for flexible operation have not
been reported on in the present submission, but also to the fact that the system is still being tested and
refined. By its very nature, moc technology involves a number of tradeoffs between such aspects of
performance as coverage, robustness, and flexibility. Only when the final system parameters which best
balance these parameters are chosen will it be possible to competently judge the flexibility of the system.

3.3.8 Criterion 9 - Host analog signal impact

Normally when considering this criterion, the goal is to determine how the presence of the digital
carriers affect the reception of the co-located analog "host" signal on existing analog receivers. Ideally,
the impact will be slight; the EWG recognizes that it would be unrealistic to expect no impact due to the
nature of moc system design. Indeed, one of the many challenges that moc designers face is how to
trade off digital carrier coverage against impact caused to the host analog signal.

In their submission, USADR did not include any test results or information which would provide
insight into host analog signal impact in the normal sense. One part of the system information portion of
the submission does bear upon this criterion, specifically, the fact that the USADR AM moc system
requires a reduction in bandwidth of the analog signal, from ±10 kHz to ±4.5 kHz. The EWG has some
concerns about this requirement. However, some broadcasters may find this reduced bandwidth an
acceptable tradeoff in a transition to digital services.

Conclusion: the EWG cannot conclude anything about the host analog signal impact perfonnance
of the USADR AM moc system due to a lack of infonnation. However, there is some concern on the
part of the EWG with respect to the reduction in analog signal bandwidth required by the AM moc
system design.

3.3.9 Criterion 10 - Non-host analog signal impact

Table 10 lists the test results submitted by USADR pertaining to the non-host analog signal
impact evaluation criterion.
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Table 10. AM IBOC test results submitted by USADR pertaining to Don-bost analog signal impact

test no. (Qudelines) datahranhs audio recordinps benchmark comments

FI (lab) - IBOC "digital-to- .. 1PFORdi)( U, P8E 1811 (none) 'pcl' dod ,,'itA li'lbAlislliQA results . 5 receivers used

analog" compatibility Audio SNR for either are presented for both analog and • Objective data only
performance in a linear analog or hybrid interferer hybrid interferer cases.
channel - co~channcl vs. co-ehn!. interference Only lower Ist adj. chnl case

level presented (in single I st. adj. tests)

F2 (lab) - IBOC "digital-to- o • ppoRoliK U, 1'8' J~ 17- Tests Fx, Fy not specified in

analog" compatibility Audio SNR for either guidelines

performance in a linear analog or hybrid interferer
channel- single 1st adj. ys. lower 1st adj. ehnl.
interferer interference level

F3 (lab) - IBOC "digital-to- .. A Ji'J??Rdiy H, 10'8" 8'2 -
analog" compatibility Audio SNR for either
performance in a linear analog or hybrid interferer
channel - single 2nd adj. vs. lower 2nd adj. chnl.
interferer interference level

°Fx (lab) - (BOC "digital-to- .. A ptil9Adix H; fJ86 ;lJ J?
analog" compatibility Audio SNR for either
performance in a linear analog or hybrid interferer
channel - dual (st adj. vs. 1st adj. chn!'
interferer interference level

°Fy (lab) - IBOC "digital-to- • Appendix M, pgs. 28-32 -
analog" compatibility Audio SNR for either

performance in a linear analog or hybrid interferer
channel - simultaneous vs. 1st adj. ehn!.

lower 1st adj. and co- interference level

channel interferers

° These tests were not snecified in the svstem test QuideJines.

All of the information presented here is objective in nature; the EWG has plotted the results listed
in Table 10 and included these plots in this report (Appendix L). As with host analog signal impact,
ideally, the impact on non-host analog signals due to the moc digital carriers will be slight; the EWG
recognizes that it would be unrealistic to expect no impact due to the nature of moc system design. A
review of the plots in Appendix L indicates that the non-host analog SIN ratio exhibits a slight but
minimal degradation.

Conclusion: an analysis of the submitted non-host analog signal impact test results suggests that
there is a slight but minimal degradation to the non-host analog audio SIN ratio, as would be expected for
an mOC-type digital system. However, additional infonnation is required (in accordance with the test
guidelines) before a definitive conclusion regarding this criterion can be reached.


